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SECONDARY PATTERN COMPUTATION OF AN OFFSET REFLECTOR ANTENNA 
Roberto J. Acosta 
National Aeronautics and Space Administration 
Lewis Research Center 
Cleveland, Ohio 44135 
SUMMARY 
Reflector antennas are widely used in communications satellite systems 
because they provide high gain at low cost. In analyzing reflector antennas 
the computation of the secondary pattern is the main concern. A computer pro-
gram for calculating the secondary pattern of an' offset reflector has been 
developed and implemented at the NASA lewis Research Center. The theoretical 
foundation for this program is based on the use of geometrical optics to des-
cribe the fields from the feed to the reflector surface and to the apert~re 
plane. The resulting aperture field distribution is then transformed to the 
far-field zone by the fast Fourier transform algorithm. Comparing this tech-
nique with other well-known techniques (the geometrical theory of diffraction, 
physical optics (Jacobi-Bessel), etc.) shows good agreement for large (diameter 
of lOOA or greater) reflector antennas. 
INTRODUCTION 
The accurate prediction of radiation characteristics for a microwave 
antenna is essential in designing antenna systems. Antenna radiation charac-
teristics such as beam width, gain, aperture efficiency, side-lobe level, and 
cross polarization are used in analyzing and designing advanced antenna sys-
tems. The aperture field method (ref. 1) described in this report is one of 
several methods for predicting antenna performance characteristics. The method 
assumes that the tangential electric field on a planar surface in front of the 
antenna reflector is known. This aperture field distribution is then trans-
formed to the far-field zone of the reflector by using a two-dimensional 
Fourier transform. 
To compute the tangential electric fields on the aperture surface, the 
geometrical optics method (ref. 2) is used. In this technique the energy com-
ing from the feed and reradiating from the reflector surface is characterized 
by an astigmatic tube of rays (ref. 3) that allows calculation of the amplitude 
and polarization of the electric field. This report also presents a method 
for computing the secondary pattern by using the aperture field method and a 
fast Fourier transform (ref. 4). Computation of the tangential electric field 
in the aperture plane is briefly described. A reflector configuration (fig. 1) 
is analyzed, and the results are compared with other well-known computational 
techniques. A description and a copy of the program are included in appendixes 
A and B, respectively. 
The author wishes to thank Dr. Shung-Wu lee and Dr. Peter T.C. lam, of 
the University of Illinois, for their cooperation and recommendations. 
APERTURE FIELD METHOD APPROACH 
Description of Problem 
The geometry of the problem under consideration is shown in figures 2 
and 3. A reflector IR. is illuminated by the energy from a feed source at 
Fl. The problem is defined as (1) to determine the tangential electric f1e1d at 
an observation point on the aperture grid F2, as shown 1n figure 2, and (2) 
to determ1ne the secondary pattern from the near-field distribution by using 
the fast Four1er transform, as shown in figure 3. 
Inc'dent Electric Field on Reflector 
The radiated electric field from the feed antenna has the asymptot1c form 
g1ven by eQuat10n (1): 
-jkr 
E -~ fee, ~) (1 ) 
where -t·._,., is the act1ve element pattern, k = 2.(/).. 1s the wave number, 
and r 1s the d1stance from the source to the reflection pOint. The vector 
funct10n 1n equation (1) can be approx1mated by eQuat10n (2). 
where UE(e) is the E-plane act1ve pattern, UH(e) is the H-plane act1ve 
pattern, and a, b, and • are polar1zat10n paramete~s: 
The var10us feed polar1zat10ns are descr1bed tn the follow1ng table: 
a b • 
Linear x 1 0 0 
L1near y 0 1 0 
R1ght-hand c1rcular polar1zed (RHCP) 1/{2 1/{2 .. 12 
Left-hand c1rcu1ar po1ar1zed (LHCP)· l/{2 1/{2 - .. 12 
Typ1cally these element patterns can be approx1mated by (cos e)Q; that 1s, 
( 3a) 
(3b) 
If equat10ns (3a) and (3b) are used to represent the act1ve element patterns, 
the power rad1ated (ref. 5) by th1s source 1s g1ven by equat10n (4). 
(4) 
, QE + QH + 1 P - ~~--~~------RAO - 60(2Q[ + 1)(2qH + 1) 
2 
Two coord1nate systems (f1g. 4) are used, the feed coord1nate system 
(xF,yF,zF) and the reflector system (x,y,z). These two coord1nate 
systems are related by Euler1an angles (a,B,y) 1llustrated 1n f1gure 5. 
Reference 6 provides a good description of these angles, which transform the 
inc1dent field on the feed coordinate system 1nto the reflector coord1nate 
system. 
Reflected Electric Field 
For a g1ven feed p01nt Fl and an observation point F2 (fig. 2), a reflec-
tion point Or may exist on the reflector IR. This point is called the 
specular point. This type of ray reflection satisfies Snell's law of reflec-
tion. Reference 7 describes a search procedure to obtain the specular point. 
The reflected field at the aperture point F2 is given by equation (5). 
£(F ) = OF • e-jkd2[2(n • (1)" _ £1] 
2 
where d2 1s the distance from Or to F2. 
(5 ) 
...1 Equat10n (5) 1s given in terms of the incident field E at the reflection 
r A r .--:' po1nt 0, the surface unit normal n of the reflector at 0 ,: and a 
d1vergence factor OF. The divergence' factOr in equation (5) is given by 
(6) 
r r 
where (Rl , R2) are the principal rad11' of curvature of the reflected wavefront 
pass1ng through Or. Reference 7 g1ves an express10n for these parameters 
as a funct10n of the pr1nc1pal rad11 of curvature of a parabo11c reflector. 
Secondary Pattern 
. From the Hygens theorem (ref. 1) a solution for the far-field zone may be 
obta1ned if the tangent1al f1elds at IA (fig. 3) are known. The aperture 
plane IA is taken to be perpend1cular to the z-ax1s. 
The f1eld 1n the far-f1eld zone 1s given 1n terms of the tangential 
electr1c f1eld at IA, wh1ch 1s denoted by £a (ref. 6). Equat10n (7) relates 
the aperture f1eld Ea to the far-f1eld zone electr1c field. 
-
(7) 
Ee = Fy cos ~ cos e - Fx s1n ~ cos e 
E~ = Fx cos ~ + Fy s1n ~ 
F = r( E ejk ( ux+vy) dx dy = F a + a {J a x x Fy Y 
A 
u = k sin e cos ~ 






and e and ~ are the spherical coord1nates of far-field point. The integral 
in equation (7c) is a double Fourier transform. The computer program developed 
uses a fast Four1er transform (FFT) algor1thm to accomp11sh th1s task. Refer-
ences 9 and 10 describe in deta11 the use of the FFT a1gor1thm to solve for 
the double Fourier transform. 
The aperture f1eld theory used to determ1ne the secondary pattern 1s exact 
if the tangent1al f1elds are known everywhere on the aperture plane IA. When 
employ1ng the FFT, IA 1s truncated. To m1n1m1ze the amount of computer t1me, 
IA should be as small as poss1ble wh11e captur1ng almost all of the f1eld. 
The number of gr1d p01nts should sat1sfy the Nyqu1st (samp11ng) theorem. The 
secondary pattern can be reconstructed from a d1screte set of near-f1eld values )(~ 
1f the spac1ng 1s ~/2 or less. Reference 11 descr1bes sample spac1ng for ~ ~ 
h1gh-ga1n reflector antennas. ~0-"'(JS 
Th1s method of ca1culat1ng the secondary pattern,1s accurate 1n cases~~ ~ 
where the antenna d1ameter 1s of the order of 100~ or more. If the antenna 
d1ameter 1s less than lOO~, the accuracy 1s reduced, spec1f1cally 1n the s1de-
lobe reg10n. Th1s approach was or1g1na11y used by . re. 
and developed extens1vely by many others (e.g., Hwang, et al., ref. 12). The 
reflector conf1gurat10n descr1bed 1n f1gure 1 was analyzed by us1ng var10us 
methods (phys1cal opt1cs (Jacob1-Bessel) (refs. 13 and 14), the geometr1cal 
theory of d1ffract10n (ref. 15), and geometr1ca1 opt1cs). The calculated pat-
terns and d1rect1v1t1es are shown 1n f1gures 6 and 7. F1gure 6 shows an 
on-focus case; the d1rect1v1ty and the far-f1eld pattern are 1n very good 
agreement. F1gure 7 shows an off-focus (or scan) case; the agreement 1s st1ll 
very good. The computer program g1ven 1n append1x B was used to analyze this 
conf1gurat1on. 'f.M:::::zsreel'flent ts all" pei J ~CS! ~"e dl: ceLl ;Hy. Append1x A 
contains a deta1led descr1pt1on (users gu1de) of all the 1nput parameters, 
1nc1ud1ng those for the conf1gurat10n shown 1n f1gure 1. 
01 rect1v1ty 
The far-f1eld zone 1s usually div1ded into two orthogonal polarizations. 
Following Ludw1g's def1n1t10n 3 (ref. 16), the follow1ng un1tary polarizat1on 
vectors are 1ntroduced: 
R = e(aej~ cos ~ + b s1n ~) + ~(-aej~ s)n ~ + b cos ~) (8a) 
C = e(ae-j~ sin ~-- b cos ~) + ~(-ae-j~·cos ~ + b sin ~) (8b) 
4 
If the secondary pattern can be expressed as 
the reference-polar1zat1on express10n for E 1s 
E • (R*)* 
and the cross-polar1zat1on express10n 1s 
The d1rect1v1ty for the reference polar1zat1on 1sdef1ned by 
4. IE • R12/Z0 
Prad 







A method, called the aperture field techn1que, has been developed for 
calculat1ng the secondary pattern of an offset reflector 1lluminated by a feed 
with arb1trary polar1zat1on. By us1ng the fast Four1er transform the far-zone 
electr1c f1eld 1s computed very eff1c1ently. The results for the secondary 
pattern are 1n good agreement w1th those obta1ned by other well-known tech-
n1ques. This method can be conven1ently extended to secondary pattern compu-
tat10n for mult1ple and numer1cally spec1f1ed reflectors. 
The computer program based on the aperture f1eld techn1que 1s one of the 
ma1n research tools used at the NASA Lew1s Research Center for analyz1ng 
advanced antenna systems. 
5 
APPENDIX A 
DESCRIPTION OF PROGRAM 
A computer program was designed to calculate the antenna far-field 
performance characteristics. The method of analysis is geometrical optics. 
The output (unit FT07) is interfaced with a plotting program to display the 
far-field values. Any of the ava1lable plotting routines in the computer 
library may be used. The main features in this program (SOURCE • RAPS11) 
are the calculation of directivity, feed efficiency, and plots of E or H 













Input (Unit FTOS) Parameters to RAPS11 
focal length, m 
fraction of wavelength that defines surface sample spacing 
fraction of wavelength that defines aperture sample spacing 
diameter of reflector (1f circular projection), m 
coordinates of center (origin) of feed coordinate system on reflector 
coordinate system 
offset of center of reflector relative to x-axis, m 
offset of center of reflector relative to y-axis, m 
frequency 
E-plane cosine pattern exponent 
H-plane cosine pattern exponent 
1, V-POL; 2, X-POL; 3, RHCP; 4, LHCP 
maximum far-field angle for which pattern will be calculated 
The input is described in figure 8. 
The input for the case described in figures 1, 6, and 7 (to be read in 
FTOS) is as follows: 
F = 2.43 
Fl = 0.5 
F2 = 0.5 
DIA = 2.754 
XF = YF = zr = 0.0 
DELTX = -1.377 
DELTY = 0.434 
FREQ = 11.74E9 
QE = 3.2 
QH = 2.6 
POL = 3 




0000100 C******THIS PROGRAM IS REFLECTOR 
0000200. CMM**M*THE METHOD OF ANALYSIS IS 
































































C*****INPUT PARAMETERS TO THIS PROGRAM***M**M*MM*M**M****M********* 
CM****F : FOCAL LENTGTH M 
C*M***F1 : FRACTION OF WAVELENTGH (SURFACE SAMPLE SPACING) 
C*****F2 : FRACTION OF WAVELENTGH (APERTURE SAMPLE SPACING) 
C*****DIA : DIAMETER M 
C*****XF,YF,ZF : ORIGIN OF FEED COORDINATE SYSTEM. 
C*****DELTX,DELTY : OFFSET X-AXIS,Y-AXIS RESP. 
C*****FREQ : FREQUENCY HZ 
C*****QE,QH,Q :COSINE PATTERN EXPONENT 
C*****POL : 1 V-POL, 2 X-POL, 3 RHCP, 4 LHCP 



























C*****POWER RADIATED BY THE FEED SOURCE.******************************** 
PRAD=60.*(2.MQ+l) 
PRAD=UPRAD 






















0002196--998 FORMATejjlll,5X,'EFFICIEHCY OF FEED',F10.3,5X,'TAPPER OF 
..fEED = '--;E15. 5). 
DO 400 I=l,HAP 
DO 410 J=l,HAP 
PHUMCI,J)=O. 
ERXCI,J)=O. 










































































FORMAT(IIIII,5X,'THIS NUMERICAL TO EXACT RATIO =',F10.3) 
DO 10 J=I,HSP 




IFCRS.LE.RMAX)GO TO 12 
GO TO 11 
CONTINUE 
ZS=-(XS**2+YS**2)/(4.*F)+F 

















































































C******APERTURE COORDINATE OF REFLECTED RAY*************************** 
XA=XS-ZS*CSRX/SRZ) 
YA=YS-ZSMCSRY/SRZ) 
C******LOCATE THIS RAY IN lHE APERTURE GRID MATRIXM*MM**M**********MM* 
DO 21 N=l,NAP 
XCN)=XAMAX-SAP*CN-1) 
XDELTA=ABSCXCN)-XA) 
IFCXDELTA.LE.ALIM) GO TO 30 
21 CONTINUE 
GO TO SOO 
30 CONTINUE 
DO 20 M=l,NAP 
YCM)=YAMAX-SAP*CM-l) 
YDELTA=ABSCYCM)-YA) 
IFCYDELTA.LE.ALIM) GO TO 40 
20 COHTINUE 
GO TO 500 
40 CONTINUE 






CM***THIS IS TO CALCULATE THE TOTAL POWER IHTERCEPTED BY REFLECTOR***M 
IFCFPAT.LT.IE-S)FPAT=lE-S 
C*****FINISH FEED PATTERN CALCULATIONSM*****************MM*M**M*MM~M 























GO TO 11 
SOO WRITE(9,300) 
300 FORMATCSX, 'CAN HOT LOCATE THIS RAY???????????????') 
11 COtHIHUE 
10 COHTINUE 
CM****THIS WILL TAKE THE AVERAGE AMPLITUDE/PHASE*****M***M**M***** 
DO 60 I=l,HAP 
DO 61 J=l,NAP 
9 























































C******TO GET A COLUMN VECTOR OR Y DISTRIBUTION********************** 
DO 15 I=I,HAP 







C*****THIS IS TOTAL POWER IN X AND Y COPONETS OF N.F.************* 























































CALL SCLBAK(.FALSE .• Nl.FIELD.RTNARR) 
GAIH=10.MALOGI0(4. MPI*RTHARR(2)MSAP*M4/PRAD) 
WRITE(9.950)GAIN 
FORMAT(IIIII.5X.'THIS IS THE GAIN VALUE ='.E15.5) 
WRITEC 9.965 )Nl 
FORMATC/IIII.5X,'TOTAL HUMBER OF CALCULATED FAR-FIELD 
VALUES ='.15) 
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Figure 1- Reflector configuration. Frequency. lL 75 GHz. Polarization 
of feed: a· 1If2. b· 1I~ and ",. 9f!J for riqh~-hand circular 
polarization; UE(BI· (cos B) .6; UH(B). (cos B)"Z. • 
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on aperture grid. 
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Figure 3. - Secondary pattern using fast Fourier transform (Fm. 
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Figure 4. - Feed and reflector coordinate systems. 
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